ORTHOGONAL FREQUENCY DIVISION MULTIPLEXING WIRELESS 
COMMUNICATION OPERABLE ON FREQUENCY SELECTIVE CHANNEL, 
AND CHANNEL COMPENSATION METHOD 

CROSS REFERENCE TO RELATED APPLICATION 

This application claims priority to and the benefit of Korea Patent 
Applications No. 2003-19201 filed on March 27, 2003 and No. 2003-28227 filed 
on May 2, 2003 in the Korean Intellectual Property Office, the content of which 
is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

The present invention relates to an OFDM (orthogonal frequency 
division multiplexing) wireless communication system operable on a frequency- 
selective channel. More specifically, the present invention relates to a channel 
compensation system and method thereof. 

(b) Description of the Related Art 

Recently, OFDM methods, which are digital modulation methods for 
improving data rates per communication bandwidth and preventing interference 
caused by a multipath fading channel, have been widely used for 
communication methods for providing mobile multimedia services. 

For example, the OFDM methods are adopted for cable communication 
methods of the ADSL and VDSL systems, used for radio standards of digital 



audio broadcasting and digital video terrestrial broadcasting, and in addition, 
they are standardized as IEEE802.11a and 802.16 for W-LAN communication 
methods of from 2.4 to 5GHz. 

When transmitting high-rate data through a mobile channel in the 
above-noted OFDM system, the mobile channel is modeled as a frequency 
selective fading channel, and this kind of the OFDM wireless communication 
system adds a guard interval obtained from a cyclic extension to an OFDM 
signal and transmits them so as to solve inter-symbol interference caused by a 
delay spread of the frequency selective fading channel. 

In detail, the conventional OFDM wireless communication system 
provides an IDFT (inverse discrete Fourier transform) unit and a DFT (discrete 
Fourier transform) for data modulation and demodulation to a transmitter and a 
receiver. When the receiver receives a signal from the transmitter, and 
demodulates the signal by using the DFT unit, the demodulated frequency 
selective fading channel signal is represented in a product format of a transmit 
signal. Through this, a channel predictor of the receiver predicts an amplitude 
and a phase of the channel represented in the product format by using a pilot 
symbol, and performs channel compensation by using the predicted amplitude 
and the phase of the channel. That is, the channel compensation is performed 
by multiplying the demodulated OFDM signal by a complex conjugate that is a 
channel predict value, which executes channel compensation more simply and 
easily than the conventional channel compensation following a convolutional 
operation. 

However, the conventional channel compensation method is of no 



consideration in a case when the amplitude of the channel steeply reduces, and 
lowers the total performance caused by generation of burst errors. Further, the 
channel compensation method increases BER (bit error rates) and allows low 
data rates. 

5 A single carrier communication system uses results of the channel 

predictor to perform channel compensation so as to compensate the frequency 
selective fading channel, but this channel compensation method has a demerit 
of using a channel predictor and a complex equalizer. 

Therefore, a channel compensation system and method for reducing 

10 the BER of an interval with a narrow channel amplitude in the OFDM wireless 
communication system is required. 



SUMMARY OF THE INVENTION 

It is an advantage of the present invention to provide an OFDM wireless 
15 communication system operable on a frequency selectable channel for 
reducing BER in an interval with a narrow channel amplitude and improving 
total error rates, and a channel compensation method thereof. 

It is another advantage of the present invention to provide an OFDM 
wireless communication system operable on a frequency selectable channel for 
20 at least doubling data rates, and obtaining higher economy with respect to 
investment with the same frequency, and a channel compensation method 
thereof. 

In one aspect of the present invention, in a wireless communication 



3 



system for transmitting and receiving data by using a multipath fading channel, 
an OFDM wireless communication system comprises: a transmitter for 
performing IDFT on an information transmit vector at least twice to modulate it 
into an OFDM signal, transmitting the modulated OFDM signal through a 

5 multipath fading channel, modulating a pilot symbol vector for predicting an 
amplitude and a phase of the multipath fading channel into an OFDM signal, 
and transmitting the modulated OFDM signal through the multipath fading 
channel; and a receiver for demodulating the pilot symbol vector received 
through the multipath fading channel to predict the amplitude and the phase of 

10 the multipath fading channel, using the predicted amplitude and phase to 
compensate the amplitude and the phase multiplied to the received information 
transmit vector, performing DFT on the compensated information transmit 
vector to average a noise signal value increased by the channel compensation 
in a specific interval with an amplitude of the channel with less than a mean 

15 value into a mean value within an OFDM symbol interval, and outputting the 
mean value. 

In another aspect of the present invention, a wireless communication 
system including a transmitter for transmitting data using a multipath fading 
channel and a receiver for receiving them from the transmitter, comprises: a 
20 mapper for mapping an externally received binary information sequence to at 
least one symbol according to the MQAM (M-ary quadrature amplitude 
modulation) method; a serial to parallel converter for converting the mapped 
symbols into vector data which are information transmit vectors; a first IDFT unit 
including at least one (preferably M) IDFT unit for performing IDFT on the 
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converted information transmit vectors; an interleaver for writing subchannel 
values of the respective transmit vectors received from the IDFT unit in an MxN 
memory buffer in the first direction; a second IDFT unit including at least one 
(preferably M) IDFT unit for reading the subchannel values written in the first 
5 direction in the second direction when the writing in the first direction is finished, 
performing IDFT on the read subchannel values, and modulating them to 
OFDM signals; a third IDFT unit for modulating a pilot symbol vector for 
predicting an amplitude and a phase of the multipath fading channel to an 
OFDM signal; and a parallel to serial converter and guard interval inserter for 
10 inserting a guard interval into the signal received from the second IDFT unit, 
converting the guard interval inserted information transmit vector into a serial 
signal and transmitting the serial signal, and converting the guard interval 
inserted pilot symbol vector into a serial signal and transmitting it to the 
transmitter. 

is The wireless communication system further comprises: a guard interval 

eliminator and serial to parallel converter for eliminating the guard interval from 
the converted and received serial signal, and converting the guard interval 
eliminated serial signal into an information transmit vector and a pilot symbol 
vector respectively; a first DFT unit including at least one DFT unit for 

20 demodulating the converted information transmit vector into an OFDM signal; a 
third DFT unit for demodulating the converted pilot symbol vector into an OFDM 
signal; a channel predictor and interpolator for predicting the amplitude and 
phase of the multipath fading channel using the demodulated pilot symbol 
vector; a channel compensator for compensating the amplitude and phase of 



5 



the channel multiplied to the demodulated information transmit vector according 
to the predicted amplitude and phase of the channel; a deinterleaver for writing 
the compensated channel signals in an MxN memory buffer in the first 
direction; a second DFT unit including at least one (preferably M) DFT unit for 
5 reading the signal with less channel autocorrelations in the second direction 
from among the channel compensated signals written in the first direction, 
performing DFT on the read signals, and demodulating them into OFDM 
signals; a parallel to serial converter for converting the demodulated signals into 
serial signals; and a decoder for restoring the converted serial signals into a 

10 binary information sequence, and outputting the binary information sequence. 

In still another aspect of the present invention, a method for 
compensating a channel in a wireless communication system for transmitting 
and receiving data using a multipath fading channel, comprises: (a) performing 
IDFT on a vector for information transmission to modulate the vector into an 

15 OFDM signal, and transmitting the modulated signal through the multipath 
fading channel; (b) modulating a pilot symbol vector for predicting an amplitude 
and a phase of the multipath fading channel into an OFDM signal, and 
transmitting the modulated signal through the multipath fading channel; (c) 
demodulating the pilot symbol vector received through the multipath fading 

20 channel to predict the amplitude and the phase of the multipath fading channel; 
(d) compensating the amplitude and the phase of the channel multiplied to the 
received information transmit vector by using the predicted amplitude and the 
phase of the channel; and (e) performing DFT on the compensated channel 
signal, averaging a noise signal value enhanced by the channel compensation 
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in a specific interval with an amplitude of the channel with less than a mean 
value into a mean value within an OFDM symbol interval, and outputting the 
mean value. 



5 BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and constitute 
a part of the specification, illustrate an embodiment of the invention, and, 
together with the description, serve to explain the principles of the invention: 

FIG. 1 shows a detailed configuration of a wireless communication 
10 system according to a first preferred embodiment of the present invention; 

FIG. 2 shows a detailed configuration of a wireless communication 
system according to a second preferred embodiment of the present invention; 

FIG. 3 shows a first configuration of a memory buffer of an interleaver 
of FIG. 2; 

15 FIG. 4 shows a second configuration of a memory buffer of an 

interleaver of FIG. 2; 

FIG. 5 shows a detailed configuration of a wireless communication 
system according to a third preferred embodiment of the present invention; 

FIG. 6 shows a detailed configuration of a wireless communication 
20 system according to a fourth preferred embodiment of the present invention; 

FIG. 7 shows improved BER of the wireless communication system 
according to a preferred embodiment of the present invention; 

FIG. 8 shows a detailed configuration of a wireless communication 
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system according to a fifth preferred embodiment of the present invention; and 

FIG. 9 shows a detailed configuration of a wireless communication 
system according to a sixth preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE P REFERRED EMBODIMENTS 

In the following detailed description, only the preferred embodiment of 
the invention has been shown and described, simply by way of illustration of the 
best mode contemplated by the inventor(s) of carrying out the invention. As will 
be realized, the invention is capable of modification in various obvious respects, 
all without departing from the invention. Accordingly, the drawings and 
description are to be regarded as illustrative in nature, and not restrictive. 

FIG. 1 shows a detailed configuration of a wireless communication 
system according to a first preferred embodiment of the present invention. 

As shown, the wireless communication system 100 includes a 
transmitter I and a receiver II , and for ease of description, a data transmit and 
receive process between the transmitter I and the receiver II , that is, a 
baseband part which is a prior stage of an IF (intermediate frequency) 
conversion, will be described. 

As to its detailed configuration, the transmitter I comprises a mapper 
110, a serial to parallel converter 120, an IDFT (inverse discrete Fourier 
transform) unit 130, and a parallel to serial converter and guard interval inserter 
140, and the receiver II comprises a guard interval eliminator and serial to 
parallel converter 150, a DFT (discrete Fourier transform) unit 160, a parallel to 
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serial converter 170, and a decoder 180. 

In order to reduce error rates in an interval with a channel amplitude 
below an average, the IDFT unit 130 of the transmitter I is configured to 
include first through third N-point IDFT units 131 through 133 to perform IDFT 
5 on an externally received signal twice. 

The DFT 160 of the receiver II comprises first and third N-point DFT 
units 161 and 162, a channel predictor and interpolator 163, a channel 
compensator 164, and a second N-point DFT unit 165 to perform DFT on an 
information transmit signal provided from the transmitter I twice. 
io Respective components of the above-configured wireless 

communication system 100, and an operational process through the 
components, will now be described in detail with reference to equations. 

The mapper 110 of the transmitter I maps an externally received 
binary information sequence to symbols according to the MQAM (M-ary 
15 quadrature amplitude sequence) or the multi-phase shift keying method. 

The serial to parallel converter 120 receives mapped MQAM symbols 
and converts them into vector data as given in Equation 1. 

Equation 1 

s|=(j/(0),j/(l) f K,j/(iV-l)) 
20 where sf (k) is a normalized MQAM symbol with a mean power of 1, i 

and j are indexes of a pilot symbol block and represent the j-th MQAM symbol 
vector in the i-th pilot symbol block (including a single pilot symbol vector and 
(Np-1) information transmit vectors), and N is a number of subchannels (or 
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subcarriers). 

That is, a pilot symbol vector is configured by using a single pilot 
symbol vector and (Np-1) information transmit vectors where Np is an interval 
of a pilot symbol vector and represents that a single pilot symbol vector is 
transmitted after (Np-1) information transmit vectors are transmitted. 

Next, the first and second N-point IDFT units 131 and 132 of the IDFT 
unit 130 modulates the MQAM symbol vector which is an information transmit 
vector into an OFDM signal through first and second IDFT conversion 
operations, and the third N-point IDFT unit 133 modulates a pilot signal for 
predicting the amplitude and the phase of the mobile channel into an OFDM 
signal. 

Output signals of the second and third N-point IDFT units 132 and 133 
are given as Equation 2. 
Equation 2 




IDFT{ Pi ) y = 0 

IDFT {IDFT )) 1 < j < N p - 1 



where the pilot symbol vector is given as Equation 3 
Equation 3 

Pi = (A (0) AK ,0, Pi (P),K , Pt ;{N G P - 1) ,0,K ,0) 

where p g (P) is a pilot symbol with a mean power normalized to N/Nq 

(where N is a number of pilot symbols, and N G is a number of pilot symbols in a 
guard interval), and P is an interval of the pilot symbol (i.e., a pilot spacing) in 
the pilot symbol vector. The relation of P = N/N G is found by establishing a 
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number of pilot symbols in the pilot symbol vector to be matched with the 
number of pilot symbols in a guard interval. 

The parallel to serial converter and guard interval inserter 140 adds the 
guard interval obtained by performing cyclic extension on the OFDM signal 
output by the second N-point IDFT unit 132 to the OFDM signal, converts the 
information transmit vector added with a guard interval into a serial signal to 
transmit (Np-1) vectors according to the above-noted pilot symbol block 
configuration method, and converts the pilot symbol vector added with a single 
guard interval into a serial signal to transmit the serial signal to an IF converter. 

The transmitted signal having undergone the above process is 
transmitted to the receiver II through the IF converter, an RF (radio frequency) 
converter, and an antenna. 

The guard interval eliminator and serial to parallel converter 150 of the 
receiver II eliminates the guard interval from the OFDM signal received from 
an IF demodulator, and converts the serial signal without the guard interval into 
vector data. 

The third N-point DFT unit 162 of the DFT unit 160 demodulates an 
OFDM signal which is a pilot symbol vector from among the converted vector 
data, and the channel predictor and interpolator 163 predicts an amplitude and 
a phase of the fading channel multiplied to the information transmit signal from 
the demodulated pilot symbol. 

The first N-point DFT unit 161 demodulates the information transmit 
vector from among the converted vector data, and the channel compensator 
164 uses the channel predict value received from the channel predictor and 
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interpolator 163 to compensate the amplitude and phase of the channel 
multiplied to the demodulated information transmit data. 

The second N-point DFT unit 165 performs DFT on the channel 
compensated information transmit signal so that noise enhancement in a 
specific interval with a narrow channel amplitude may be averaged or smoothed 
to values in a general symbol interval, thereby reducing the error rates, and 
improving the total system performance. 

The parallel to serial converter 170 converts the channel-compensated 
information transmit vector into a serial signal, and the decoder 180 restores 
the output serial signal to a binary information sequence, and outputs the binary 
information sequence. 

A channel compensation process of the wireless communication 
system 100 according to the first preferred embodiment of the present invention 
will now be further described. 

The k-th subchannel in the pilot symbol vector demodulated through 
the third N-point DFT unit 162 is given as Equation 4. 

Equation 4 

r, (k) = H l (k) Pi (k) + /, (k) + W i (k) 0 < k < N - 1 

where H£k) is a distortion signal caused by a frequency selective 

fading channel, I t (k) is an ICI (interchannel interference) caused by Doppler 

spreading, and W t (k) is an AWGN (additive white Gaussian noise) signal with a 

mean power of No in the frequency domain. The information transmit vector 
demodulated through the first N-point DFT unit 161 is given as Equation 5 
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Equation 5 

r!=DFT(yi) 

y/=(y/(0)^/(i),K,j//(AT-i))- 

where y/ is the j-th OFDM receive signal vector of the i-th pilot block. 

The channel compensator 164 receives prediction values of the 
amplitude and phase of the channel from the channel predictor and interpolator 
163, and compensates the channel using the MMSE (minimum mean square 
error) equalization method as shown in Equation 6. 

Equation 6 

\Hr(k)\ 2 +a 2 Jcr 2 x +cTl 

where Hf\k) is a channel prediction value received from the channel 
predictor and interpolator 163, <rl and a; are mean power values of the 
OFDM signal and the AWGN signal, and <j] is a mean power value of the ICI 
signal. The <j) is found from Equation 7. 

Equation 7 

°) =l-^(N + 2^(N-n)J 0 (27mf D T s )) 

N \ n=\ J 

where f D is a maximum Doppler frequency, T s is a sampling interval, 

and J 0 ( ) is a first kind of Bessel function. The ICI signal is modeled with the 

Gaussian noise, and transmit errors are generated without the AWGN. 

The channel compensator 164 receives prediction values of the 
amplitude and phase of the channel from the channel predictor and interpolator 



13 



163, and compensates the channel using the ZF (zero forcing) equalization 
method as shown in Equation 8. 
Equation 8 

Hr(k)\ 

Further, the channel compensator 164 receives prediction values of the 
amplitude and phase of the channel from the channel predictor and interpolator 
163, and compensates the channel using the gain limit equalization method as 
given in Equation 9. 

Equation 9 

where a is a constant used for gain limits. 

The third N-point DFT unit 162 performs the DFT on the channel 
compensated information transmit signal according to the equalization method 
to average noise enhancement in a specific interval with a narrow amplitude of 
the channel into values within a general symbol interval. 

As described, in order to compensate the amplitude and phase of the 
channel by using an estimated channel prediction value in the wireless 
communication system 100 according to the first preferred embodiment, the 
channel compensator 164 compensates the channel through the MMSE 
equalization method, and the third N-point DFT unit 162 averages the noise 
enhancement in the specific interval with an amplitude of the channel with less 
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than a mean value of the amplitudes from among the compensated channels, 
into values of within a general symbol interval, thereby improving the total 
system performance. 

That is, the wireless communication system 100 reduces error rates by 
further performing an IDFT process and a corresponding DFT process 
compared to the conventional OFDM channel compensation method. 

FIG. 7 shows improved BER of the wireless communication system 
according to the preferred embodiment of the present invention. 

As shown in FIG. 7, the wireless communication system 100 has 
improved the BER by greater than 10dB from the BER of 10 3 compared to the 
conventional OFDM method. Also, without using additional error correcting 
codes, the wireless communication system 100 has a high frequency usage 
efficacy of 4bit/sec/Hz in a mobile channel environment with a maximum 
Doppler frequency of 100Hz when the SNR (signal to noise ratio) is 30dB. 
Hence, the data rate of 20Mbps (when decrements caused by a guard interval 
and a pilot symbol are not considered) is obtained when a mobile multimedia 
service is provided by using a frequency bandwidth of 5MHz. For reference, the 
conventional OFDM method has data rates of 10Mbps according to the 
frequency efficacy of 2/bit/sec/Hz in the same condition. 

Therefore, the wireless communication system according to the 
preferred embodiment has twice faster data rates than that of the conventional 
transmission method, and accordingly, obtains twice the economy with respect 
to investment with the same frequency. 

In order to additionally improve the system performance of the wireless 
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communication system of the first preferred embodiment when a processing 
delay is allowed, a second preferred embodiment including function units for 
performing interleaving and deinterleaving processes will be described with 
reference to figures. 

In the second through fifth preferred embodiments, a transmitter I will 
only be described for ease of description since operations of a receiver II 
correspond to those of the transmitter I , and many of the operations are 
repeated, so no corresponding operations will be described. 

FIG. 2 shows a detailed configuration of a wireless communication 
system according to a second preferred embodiment of the present invention, 
FIG. 3 shows a first configuration of a memory buffer of an interleaver of FIG. 2, 
and FIG. 4 shows a second configuration of a memory buffer of the interleaver 
of FIG. 2. 

As shown in FIG. 2, the transmitter I according to the second 
preferred embodiment of the present invention has the same configuration as 
that of the first preferred embodiment except an IDFT unit 210, and the receiver 
II according to the second preferred embodiment of the present invention has 
the same configuration as that of the first preferred embodiment except a DFT 
unit. 

In detail, the IDFT unit 210 comprises a mapper 110, serial to parallel 
converters 121 through 12m, a parallel to serial converter and guard interval 
inserter 140, and an interleaver 211 including MxN memory buffers provided 
between first and second IDFT units 212 and 213. 

When receiving mapped MQAM symbols from the mapper 110 of the 
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transmitter I, the serial to parallel converters 121 through 12m sequentially 
receive the mapped MQAM symbols, and convert them into vector data. 
Respective m IDFT units of the first N-point IDFT unit 212 receive the vector 
data, perform IDFT on them, and transmit respective output values to the 
interleaver 211. 

The interleaver 211 writes subchannel values of the output signals 
received from m IDFT units in the memory buffers in the vertical (or temporal) 
direction, and when the interleaver 211 finishes writing the subchannel values 
for N pilot symbol blocks, the second N-point IDFT unit 213 reads the memory 
buffers in the vertical (or frequency) direction from the written memory buffers. 
FIG. 3 shows a write and read process into/from the memory buffer. 

FIG. 3 shows a first configuration of a memory buffer of the interleaver 
of FIG. 2. 

As shown, the interleaver 211 comprises MxN memory buffers, and 
numbers provided on the respective buffers represent subchannel values of the 
output signals received from the m IDFT units. The above-configured 
interleaver 211 writes the subchannel values of the buffers in the vertical (or 
temporal) direction so that the second N-point IDFT unit 213 may read channel 
values with less autocorrelations from among the written subchannels values. 

That is, when the processing delay is allowed differing from the first 
preferred embodiment, the respective subchannels with greater 
autocorrelations are stored temporarily, sequentially, and from top to bottom, 
and the subchannels with less autocorrelations from among them are read in 
the frequency direction, thereby improving the system performance. 
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The second N-point IDFT unit 213 performs Fourier transform on the 
read subchannels, and transmits them to the parallel to serial converter and 
guard interval inserter 140 so that the information transmit vector added with a 
guard interval may be converted into a serial signal, and be then output. 

That is, when the processing delay is allowed in the second preferred 
embodiment, the total system performance is improved by reading subchannel 
values with less autocorrelations of a channel and demodulating them with 
respect to the OFDM signal. 

Also, the performance of the wireless communication system according 
to the second preferred embodiment may be varied according to methods of 
what direction the interleaver 211 writes the respective subchannels or what 
direction the second N-point IDFT unit 213 reads them. That is, better 
performance is obtained by reducing the autocorrelations of the channel 
multiplied to the information transmit vector through the deinterleaving process 
of the receiver following the write and read direction. 

For example, when the interleaver 211 writes the respective received 
subchannels in the memory buffers in the diagonal direction, the second N- 
point IDFT unit 213 reads written channel values in the frequency direction in 
parallel with the row direction (the horizontal direction). This method obtains 
better performance compared to the write process in the diagonal direction. 

A process for the interleaver 21 1 and the second N-point IDFT unit 213 
to write and read data will now be described with equations. 

The distortion signal H t (k) caused by the frequency selective fading 
channel in Equation 4 has two-dimensional autocorrelations as given in 
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Equation 10. 

Equation 10 

/=o 

where r L is a delay time of the L-th path in the multipath channel, and 
5 <r* is a mean power of an L-th path signal, and the total mean power for each 
power is normalized to be 1. Therefore, the autocorrelations are influenced in 
the frequency direction by a delay profile of the fading channel. The term 
R(0,b) is given as Equation 11. 

Equation 1 1 

10 R(0,b) = -±j^N + 2^(7V - n)J 0 {2n{b - X)Nu{b - 1) + bN G + W )/ D 7i j 

where w is a unit step function, and A^ G is a guard interval. The 
autocorrelations are influenced in the frequency direction by the maximum 
Doppler frequency, a number of subchannels, the guard interval, and the 
bandwidth \/T s of the signal. The optimal operation method of the interleaver 

15 211 for improvements of performance can be described through the above 
description of FIG. 3. 

In addition, the write operation is performed on the subchannel values 
in the diagonal direction as shown in FIG. 4 in the fading channel with a delay 
profile, and the subchannel values are interleaved in the horizontal direction so 
20 that the fading channel may be configured with subchannels with less 
autocorrelations, thereby achieving better performance. 

In the case of a channel without a multipath, that is, in the case of a 
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channel similar to a frequency non-selective channel, the interleaving is 
performed in the temporal direction to reduce the autocorrelations of the 
channel caused by the Doppler spreading, and accordingly, the OFDM method 
generates better performance in the frequency non-selective channel. 

As described, the wireless communication system according to the 
second preferred embodiment not only improves the system performance 
following the new channel compensation method as described in the first 
preferred embodiment, but also obtains better performance through interleaving 
and deinterleaving for less autocorrelations of the channel. 

The above-mentioned embodiments are varied or modified in many 

ways. 

For example, the number and the configuration of the IDFT units in the 
first N-point IDFT unit can be varied, which will now be described with reference 
to figures. 

FIG. 5 shows a detailed configuration of a wireless communication 
system according to a third preferred embodiment of the present invention, and 
FIG. 6 shows a detailed configuration of a wireless communication system 
according to a fourth preferred embodiment of the present invention. 

As shown in FIG. 5, the wireless communication system according to 
the third preferred embodiment of the present invention has the same 
configuration as that of the first preferred embodiment except the IDFT unit 510, 
and has the same configuration as that of the second preferred embodiment 
except the number (a single number) of the second N-point IDFT units and the 
configuration of the first N-point IDFT unit. The receiver II also has the same 
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configuration as that of the first and second preferred embodiments, except the 
DFT unit. 

The wireless communication system according to the third preferred 
embodiment reduces complexity of realization by reducing calculation including 
the IDFT and DFT processes, and hence, it requires complex calculation of 
(N/2)log 2 N so as to configure the N-point IDFT units as described in the 
second preferred embodiment. 

In order to reduce complex calculation and addition, M Ni-point IDFT 
units are used instead of the N-point IDFT units (Ni is less than N), and 
respective outputs of the IDFT units are interleaved, thereby improving the 
system performance and reducing the hardwired complexity by the ratio of 
log 2 N { /log 2 N where N = MN X . 

The wireless communication system according to the fourth preferred 
embodiment shown in FIG. 6 has the same configuration as that of the first 
preferred embodiment except an IDFT unit 610, and it has the same 
configuration as that of the second preferred embodiment except the number of 
second N-point IDFT units and the configuration of the first Ni-point IDFT units 
in the IDFT unit 610. The receiver II has the same configuration as those of 
the first and second preferred embodiments except the DFT unit. 

In the same manner of the third embodiment, the wireless 
communication system according to the fourth preferred embodiment aims at 
reducing complexity of realization and calculation of the IDFT and the DFT, and 
it comprises LxM first N1 -point IDFT units 612, L second N-point IDFT units 213, 
and an interleaver 61 1 including MxL memory buffers provided therebetween. 
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FIG. 8 shows a detailed configuration of a wireless communication 
system (a transmitter) according to a fifth preferred embodiment of the present 
invention. As shown, the wireless communication system has the same 
configuration as that of the second embodiment except the IDFT unit 810. 

In detail, differing from the second embodiment for using the 
interleaver 211 with MxN memory buffers to improve its performance, the 
wireless communication system according to the fifth preferred embodiment 
uses an MxN-point IDFT unit 812 in the transmitter I, and a DFT unit in the 
receiver II to thereby improve the performance. 

Since an interval for smoothing noise caused by an equalizer in the 
receiver II increases from the N points to MxN points, its performance is further 
improved than the interleaving method of FIG. 2. The MxN memory buffer 811 
shown in FIG. 8 does not perform the interleaving function. 

FIG. 9 shows a detailed configuration of a wireless communication 
system according to a sixth preferred embodiment of the present invention. 

Compared to the first preferred embodiment of FIG. 1, the receiver II 
comprises an N-point IDFT unit 965 excluding the first and second N-point DFT 
units 161 and 165. 

Therefore, the wireless communication system according to the sixth 
preferred embodiment requires no IDFT unit for information transmit symbol 
vector in the receiver II . 

In detail, the transmitter I of the wireless communication system 
comprises a mapper 910 for converting binary information transmit sequences 
into MQAM (or MPSK) symbols, a serial to parallel converter 920 for converting 
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the MQAM symbols into vectors, a memory 930 for reading a modulated pilot 
symbol stored in the memory after IDFT is performed on the pilot symbol with a 
previously optimized PAR (peak-to-average ratio), and a parallel to serial 
converter and guard interval inserter 940 for converting the MQAM symbol 
vectors into parallel signals, inserting a guard interval found by a cyclic 
extension thereinto, and transmitting them. 

The receiver II comprises a guard interval eliminator and serial to 
parallel converter 950 for eliminating a guard interval from a receive signal and 
converting serial data into parallel data, a DFT unit 961 for converting 
information transmit symbol vectors to the frequency domain, a channel 
predictor and interpolating filter 963 for predicting a channel of the information 
transmit symbol vector by using a demodulated pilot symbol vector when the 
DFT unit 962 demodulates the pilot symbol vector, a channel compensator 964 
for compensating the channel through an equalizer, an IDFT unit 965 for 
demodulating the channel-compensated information transmit symbol vector 
through the IDFT, a parallel to serial converter 970 for converting the 
demodulated signal into a serial signal, and a decoder 980 for restoring the 
converted signal into a binary information sequence. 

The wireless communication system according to the sixth embodiment 
reduces hardwired complexity by eliminating the two IDFT units from the 
transmitter and the receiver differing from the first preferred embodiment. 

When the MQAM (or MPSK) symbol vectors are modulated into OFDM 
signals through the IDFT unit, the amplitude of the modulated signal becomes 
relatively greater than the mean value, and when the amplitude is given in the 
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PAR parameter format, and the PAR is great, an A/D (analog to digital) 
converter and a D/A (digital to analog) converter require high dynamic ranges 
which increase the costs and cause a clipping phenomenon in which a large 
part of the amplitude is cut off because of the backoff effect of a power 
amplifier, and the clipping phenomenon generates signal distortion and lowers 
system performance. 

However, since the wireless communication system according to the 
fifth preferred embodiment uses no IDFT unit, no performance lowering 
because of the PAR is generated, and effective performance improvements are 
obtained. 

As described, the wireless communication system according to the first 
through sixth preferred embodiments controls the noise enhancement caused 
by the channel compensation in an interval with a lesser amplitude of the 
channel into mean values within a symbol interval to reduce error rates and 
improve system performance. 

In addition, the wireless communication system performs interleaving 
and deinterleaving so as to lessen the autocorrelations of the channel at the 
time of compensating the channel, and restores them, thereby achieving better 
performance. 

The OFDM-based wireless communication system and the channel 
compensation method reduces error rates in the interval with a lesser channel 
amplitude to improve the total system performance, obtain data rates twice 
faster than the conventional data rates, and achieve twice the economy with the 
same frequency. 
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While this invention has been described in connection with what is 
presently considered to be the most practical and preferred embodiment, it is to 
be understood that the invention is not limited to the disclosed embodiments, 
but, on the contrary, is intended to cover various modifications and equivalent 
5 arrangements included within the spirit and scope of the appended claims. 
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